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THERMOPLASTIC MULTI - LAYER COMPOSITE STRUCTURE 
BACKGROUND OF THE INVENTION 

This application is a continuation-in-part of U.S. Patent 
Application Serial No. 08/846,143, filed April 25, 1997. 

1 . Field of the Invention 

5 The present invention relates generally to thermoplastic 

composite materials and more particularly to a thermoplastic multi- 
layer composite structure. 

2 . Description of the Prior Art 

Thermoplastic composite materials are well known and used 
10 in various industries including the marine industry. Recently, 
y with the movement towards improving the environment, several 
jfj regulations, treaties and laws have been passed to help protect the 
environment . 

w 

* Currently, in the marine industry, as well as numerous 

IJ1 15other industries, the use of fiber reinforced plastics as a 

ru 

p * construction material is highly prevalent. Fiber reinforced 
y2 plastics are defined as materials consisting of extremely fine 
filaments of glass (sometimes referred to as "fiberglass") which 
can be embedded in various resins to make boat hulls and decks, 
20 fishing rods, and the like. The fine filaments of glass can also 
be combined in yarn and woven into fabrics or used in masses as a 
thermal and acoustical insulator. Fiberglass wool, a thick, fluffy 
material made from discontinuous fibers, is used for thermal 
insulation and sound absorption. The fiberglass wool is often 
25 found in ship and submarine bulkheads and hulls, as well as 



- 2 - 

automobile engine compartments and body panel liners. 

The major ingredients of fiberglass include silica sand, 
limestone, and soda ash. The silica sand is used as the glass 
former, and the limestone and soda ash are provided primarily to 
Blower the melting temperatures. Other ingredients can also be 
utilized and are usually provided to improve certain properties 
such as chemical resistance. When creating fiberglass the raw 
materials are carefully weighted in exact quantities and thoroughly 
mixed together before being melted into glass. 
10 Once prepared, the mixed materials are fed into a furnace 

for melting. The temperature of the furnace is precisely 

W 

controlled to assure a smooth, steady flow of glass. To form into 

I 

W fiber, the molten glass is kept at a temperature of approximately 
g twenty-five hundred (2500°F) degrees fahrenheit. Once the glass 
p 15 becomes molten, it is transferred by a channel disposed at the end 
^ of the furnace to the forming equipment. 

C? * The type of fiber desired determines which process is 

Q utilized to form the fiber. Textile fibers can be formed from the 
molten glass directly from the furnace. Alternatively, the molten 
20 glass can be fed first to a machine that forms glass marbles which 
can be inspected visually for impurities. The glass or glass 
marbles are then fed through spinnerets which are heated bushings, 
to allow the molten glass to pass through its numerous orifices and 
come out as fine filaments. 
25 To produce a long, continuous fiber, multiple strands of 

the glass which passes through the orifices of the spinneret, are 



a** 



- 3 - 

caught up on a high-speed winder. The winder revolves at a much 
faster rate that the rate of flow of the molten glass out of the 
orifices. The tension pulls out the filaments while still molten, 
to form strands a fraction of the diameter of the orifices. A 
5 chemical binder can be applied to help prevent the fibers from 
breaking. The filaments are then wound upon tubes where they can 
be twisted and plied into yarn. 

Another process in known as the staple- fiber process 
wherein as the molten glass flows through the bushing, jets of air 

10 rapidly cool the filaments. The air also breaks the filaments into 
certain lengths. The broken filaments fall through a spray of 
lubricant onto a revolving drum, where they form a thin web. The 
web is pulled from the drum and sent into a continuous strand of 
loosely assembled fibers. The strand can then be made into yarn as 

15 described above. 

Instead of forming the filaments into yarn, the strands 
may be chopped into short lengths. The chopped fiber is formed 
into mats and a binder is provided. After curing in an oven, the 
mat is rolled up. 

20 To make a glass wool, the molten glass flows from the 

furnace into a rapidly spinning cylindrical container having small 
holes. The spinning of the container, allows horizontal streams of 
glass to flow out of the holes. The streams of molten glass are 
converted into fibers by a downward blast of air or hot gas. The 

25 fibers fall onto a conveyor belt, where they interlace with each 
other in a fleecy mass which can be used as insulation. 



Alternatively, the wool can be sprayed with a binder, compressed to 
a desired thickness and cured in an oven. The heat from the oven 
fixes the binder, and the end product may be a rigid or semi-rigid 
board. 

5 In addition to binders, other coatings may also be 

required for fiberglass materials. For example, lubricants can be 
utilized to reduce fiber abrasion. The lubricant is directly 
sprayed on the fiber or added into the binder. Furthermore, an 
anti-static composition can be sprayed onto the surface of 

10 fiberglass insulation mats during cooling. The anti-static 
composition usually is provided to minimize static electricity and 
to act as corrosion inhibitor and stabilizer. Additionally, 
coupling agents can be provided on the strands, when the strands 
are utilized for reinforcing plastics, to strengthen the bond to 

15 the reinforced material. 

In the marine industry, as well as numerous other 
industries, products such as boats are formed from fiber reinforced 
plastics using what is called an "open layup" process. That is a 
process in which the fiberglass (in one or more of various forms) 

20and the reactive components of the plastic resin in which the 
fibers of glass to be embedded are hand sprayed or otherwise spread 
over an open mold to form what will become the body of the product 
or product component once the fiberglass embedded resin is cured. 

The resin component of the fiber reinforced plastic 

25 typically used in the marine industry, as well as many other 
industries, is either polyester or vinylester. That use of 



polyester or vinylester fiberglass composites causes several 
disadvantages. Styrenes, which are toxic, act as the cross linking 
agent for polyester and vinylester resins and typically constitute 
approximately thirty five (35%) percent by weight of the polyester 
5or vinylester resin. Outside the United States, styrenes are 
considered carcinogens and are also known to act as nervous system 
depressants. When used in an open lay up or spray up process for 
construction of the end product, approximately twenty (20%) percent 
of the toxic styrene volatilizes and is released into the 
10 atmosphere . In view of this problem, the Environmental Protection 
Agency continues to issue stricter restrictions and regulations 
relating to the use of styrenes. 

Another problem with the use of polyester or vinylester 
composites is that they are not recyclable. Frequently, products 
15 constructed from polyester or vinylester composites are merely 
crushed and disposed of by burying in landfills. 

As seen from the above description, the manufacture of 
products using fiber reinforced plastics as a primary component is 
relatively expensive and labor intensive. 
2 0 Furthermore, fiber reinforced plastics do not have good 

energy absorbing characteristics, which causes nearly all of the 
impact forces to be translated through the fiber reinforced 
plastics. Where a boat is constructed from fiber reinforced 
plastics, or, for that matter, wood, virtually all of the wave slap 
25 energy or wave impact energy from the bottom of the boat is 
translated through to the deck where the driver and/or passengers 



- 6 - 

are positioned. Thus, hardly any, if any, of the energy from the 
waves is absorbed by the fiber reinforced plastics. In view of the 
translation of all of the wave energy, in certain conditions the 
passengers and driver on the boat may experience an unpleasant boat 
5 ride . 

As an alternative to fiber reinforced plastics, various 
industries having also looked to the use of polyurethanes . 
Products utilizing polyurethanes include, but are not limited to, 
camper tops and coolers. In one process utilizing polyurethanes, 

10a shell member constituting inner and outer skins is formed by 
conventional methods such as thermof orming. To provide for 
insulation and rigidity, a foaming process is performed wherein the 
polyurethane material is injected or disposed between the skins. 
However, under pressure the injected foam expands. As the outer 

15 and inner skins are not strong enough to resist the expanding foam, 
foam fixtures are provided to keep the skins in place and, thus, to 
prevent the skins from blowing out , Other methods used with 
polyurethane include the rotomold method and the twin sheet 
thermof orming method. 

20 U.S. Patent No. 4,910,067 issued to O'Neill discloses a 

thermoplastic/foam core/fiber-reinforced resin structural composite 
material. This composite structure consists of a thermoplastic 
layer, a layer of fibrous material spaced from the thermoplastic 
layer and a foam core disposed in the space between the layers. A 

25 resin impregnates and holds the layer of fibrous material together 
to form a fiber-reinforced resin structure. The thermoplastic 
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layer consists of an acrylic ABS and utilizes a foamable urethane 
resin as its core material. In manufacturing the acrylic ABS layer 
is vacuumformed to its intended shape. The urethane foam is 
manufactured through injecting molding techniques. 
5 As seen from the above description the forming processes 

required when utilizing polyurethane or urethanes are relatively 
involved and costly. In at least some of the above described 
processes no bonding of the foam core to the outer skins occurs . 
Furthermore, the end product constructed from polyurethane have 

10 several drawbacks as they are normally less durable and are 
normally not recyclable. Furthermore, polyurethanes are known to 
contain a great deal of toxicity. 

Thus what is needed in the art is a composite material 
which can be utilized to replace or be substituted as the primary 

15 component for fiber reinforced plastics or other materials such as 
polyurethanes during the manufacture of products normally 
containing fiber reinforced plastics or such other materials. It 
is, therefore, to the effective resolution of the aforementioned 
problems and shortcomings that the present invention is directed. 

20 SUMMARY OF THE INVENTION 

The present invention provides for a thermoplastic multi- 
layer composite structure consisting in a first embodiment of a co- 
extruded acrylic polypropylene outer skin and high melt strength 
polypropylene substrate which is attached to a first surface of a 
25 polypropylene foam core. An inner polypropylene skin can be 



attached to a second surface of the foam core. 

Polypropylene is a member of a family of plastics called 
olefins and is a crystalline structure. The high density 
polypropylene provides for a relatively hard and stiff surface. 
5The polypropylene also provides for a high degree of recyclability . 

The foam core can either be constructed from an expanded 
polypropylene or an extruded polypropylene. Where an expanded 
polypropylene foam core is provided, the foam core is attached to 
the outer and inner skin through the use of a polypropylene 
10 adhesive . 

Where the extruded polypropylene foam core is provided, 
the skins can be attached to the foam core through a welding or 
bonding process in lieu of adhesives. However, it should be 
understood that the polypropylene adhesives can also be utilized 

15 for attaching the skins to the extruded foam core. Additionally, 
the extruded foam core can vary in density to provide a composite 
foam core. In construction, the density of the foam core is 
determined by the amount of air entrapped. The more expanded the 
cells of the core are, the lower the density of the polypropylene 

20 foam. To construct a composite polypropylene foam core of varying 
density, the various density foams are fused or bonded together, 
similar to the fusing of the extruded foam core to the outer and 
inner skins. 

Preferably, the various densities of the composite foam 
25 core are arranged such that the lowest density foam is provided at 
the center of the core and the varying densities of the foam core 
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extend outward from the center in numerical order (i.e. lowest 
density at center of foam core, highest density at outer surface of 
foam core) . 

Accordingly, it is an object of the present invention to 
Sprovide a thermoplastic multi-layer composite structure which can 
replace fiberglass, composite structures containing polyurethane or 
similar structures for certain applications. 

It is another object of the present invention to provide 
a thermoplastic multi- layer composite structure which provides 
10 superior impact strength as compared to fiberglass, composite 
structures containing polyurethane or similar structures. 

It is still another object of the present invention to 
provide a thermoplastic multi -layer composite structure which is 
relatively cheaper in cost to construct as compared to fiberglass, 
15 composite structures containing polyurethane or similar structures. 

It is even still another object of the present invention 
to provide a thermoplastic multi-layer composite structure which is 
generally one hundred (100%) percent recyclable. 

It is yet another object of the present invention to 
20provide a thermoplastic multi-layer composite structure which will 
absorb a relatively higher amount energy as compared to fiberglass, 
wood, composite structures containing polyurethane or similar 
structures . 

It is yet still another object of the present invention 
25 to provide a thermoplastic multi-layer composite structure which 
requires less maintenance as compared to fiberglass, composite 
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structures containing polyurethane or similar structures. 

It is a further object of the present invention to 
provide a thermoplastic multi- layer composite structure which does 
not contain toxic materials. 
5 It is an even further object of the present invention to 

provide a thermoplastic multi-layer composite structure which is 
labor intensive to work with. 

In accordance with these and other objects which will 
become apparent hereinafter, the instant invention will now be 
lOdescribed with particular reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention may be better understood by reference to 
the drawings in which: 

Figure 1 is a sectional view of a first embodiment of the 
15 thermoplastic multi-layered composite structure taught by the 
present invention; 

Figure 2 is a sectional view of the embodiment 
illustrated in Figure 1 with the inner skin removed; 

Figure 3 is a sectional view of a multi -layered foam core 
20 as taught by the present invention; 

Figure 4 is a sectional view of a second embodiment of 
the thermoplastic multi -layered composite structure taught by the 
present invention; 

Figure 5 is a sectional view of the embodiment 
25 illustrated in Figure 4 with the inner skin removed; 
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Figure 6 is a sectional view of a third embodiment of the 
thermoplastic multi- layered composite structure taught by the 
present invention shown without an inner skin; 

Figure 7 is a sectional view of an alternative second 
5 embodiment of the present invention wherein a welding or bonding 
process is utilized to attach the outer and inner skins to the 
extruded foam core rather than adhesives; 

Figure 8 is a sectional view of the embodiment shown in 
Figure 7 with the inner skin removed; 
10 Figure 9 is a sectional view of a further alternative 

second embodiment of the present invention having slits through the 
foam core for shaping; 

Figure 10 is a sectional view of another alternative 
second embodiment of the present invention having slits through the 
15 foam core for shaping; 

Figure 11 is a sectional view of a first multi-layered 
acrylic embodiment of the present invention; 

Figure 12 is a sectional view of the first acrylic 
embodiment of Figure 11 and including an acrylic inner skin layer; 
20 Figure 13 is a sectional view of a second multi-layered 

acrylic embodiment of the present invention; 

Figure 14 is a sectional view of the second acrylic 
embodiment of Figure 13 and including an acrylic inner skin layer; 

Figure 15 is a sectional view of a third multi-layered 
25 acrylic embodiment of the present invention; 

Figure 16 is a sectional view of the second acrylic 
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embodiment of Figure 15 and including an acrylic inner skin layer; 

Figure 17 is a sectional view of a portion of an acrylic- 
polyvinylchloride foam in accordance with the present invention; 

Figure 18 is a sectional view of a multi-layered 
5 composite structure in accordance with all embodiments of the 
present invention and illustrating discrete reinforcement for the 
composite structure; and 

Figure 19 is a sectional view illustrating the discrete 
reinforcement of Figure 18 for a end-use product. 

10 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figures 1 and 2 illustrate a first embodiment of a 
thermoplastic multi- layered composite structure in accordance with 
the present invention with the composite structure being generally 

lBdesignated as reference numeral 20. Composite structure 20 
generally includes a top skin 22 and a foam core 30. Where 
necessary for extra strength purposes an inner or back skin 3 6 can 
also be provided to help reduce fracturing of foam core 30. Back 
skin 36 can be vacuumformed during construction, however, such is 

20not limiting. 

In the preferred embodiment top skin 22 consist of an 
acrylic polypropylene outer layer 24 and a polypropylene substrate 
26. An amorphous material can also be added to the acrylic 
polypropylene outer layer 24 to increase the impact strength of top 

25skin 22. Preferably, substrate 26 has a high melt strength. Top 
skin 22, consisting of a weatherable acrylic polypropylene outer 
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layer 24 and high melt strength substrate 26, can also be referred 
to as a cap sheet. Outer layer 24 provides a relatively hard and 
weatherable outer surface. Substrate 2 6 is provided as backing to 
outer layer 24 for cost purposes. Where cost considerations are 
Snot a concern top skin 22 can alternatively be constructed solely 
of acrylic polypropylene. 

Furthermore, top skin 22 can be constructed from a 
relatively high density polypropylene, with or without substrate 
26, and without the acrylic component in outer layer 24. The 

10 density of outer layer 24 is preferably higher than the density of 
substrate 26. The high density polypropylene provides a hard and 
stiff surface, which for some uses of composite structure 20 may be 
sufficient without the need of an additional acrylic element or 
substrate 26. Preferably, top skin 22, consisting of outer layer 

15 24 with or without substrate 26, is constructed by extrusion (outer 
layer 24 solely) or co-extrusion (outer layer 24 and substrate 26) 
procedures with top skin 22 being in the form of a planar sheet. 
When co-extruded, outer layer 24 and substrate 26 travel through a 
die where they are heated and fused together to form top skin 22. 

20 Preferably, outer layer 24 is relatively thin as compared to 
substrate 26. 

Once constructed, top skin 22 is vacuumformed or 
thermoformed to its intended shape, assuming that the planar sheet 
form is not the intended shape. In one vacuumf orming method, 
25 extruded or co-extruded top skin 22 is loaded on a clamp frame and 
rotated in a first oven station for heating (preheat) the planar 



# 
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sheet. The preheated sheet is placed in a second oven station, 
which causes the sheet to sag and become molten plastic. A mold of 
the intended shape is disposed below the sagging sheet. The sheet 
is lowered into the mold and a vacuum is applied through the base 
5 of the mold to suck the sheet about the mold. The pulled sheet 
takes the form of the mold. The shaped sheet is then allowed to 
cool and removed from the mold, to provide a top skin 22 in its 
intended shape . 

In the first embodiment of the present invention (Figures 

101 and 2), foam core 30 is constructed from an expanded 
polypropylene, which forms bead like cells 32. Foam core 30 has a 
first surface and a second surface. A hot melt spray polypropylene 
adhesive 28 is provided to allow top skin 22 to adhere or bond to 
the first surface of foam core 30. In lieu of polypropylene, 

ISadhesive 28 can be an epoxy. 

As seen in Figure 1, a bottom or back skin 3 6 can be 
attached or bonded to the second surface of foam core 30, 
preferably by a polypropylene adhesive 34 which can be the same as 
adhesive 28. Back skin 36 helps to prevent foam core 30 from 

20 cracking. Though not preferred, Figure 2 illustrates composite 
structure 20 without a back skin 36, and thus also without adhesive 
34. Preferably, top skin 22, foam core 30, back skin 36 and 
adhesives 28 and 34 are all polypropylene based to provide a one 
hundred (100%) percent recyclable composite structure 20. 

25 Figure 3 illustrates a multi-layer extruded polypropylene 

foam core 130. Top skin 122 and/or back skin 152 can be attached 
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to foam core 13 0 through a welding or bonding process in lieu of 
adhesives (See Figure 7 and 8) . Figure 7 illustrates top skin 122 
and the back or inner skin 152 both attached to foam core 13 0 by 
fusing or bonding, while in Figure 8 only a top skin 122 is 
Sprovided and fused with foam core 130. However, it should be 
understood that the polypropylene adhesives 128 and 150 can also be 
utilized for attaching skins 122 and 152, respectively, to extruded 
foam core 130 (See Figures 4 and 5) . Adhesives 128 and 150 are 
similar to adhesives 28 and 34 discussed above for the first 

10 embodiment of the present invention. 

Extruded foam core 13 0, preferably, varies in density to 
provide a composite foam core 130. The density of each layer which 
forms foam core 13 0 is determined by the amount of air which was 
entrapped within the specific layer during its construction. The 

15more expanded the cells of the layer are, the lower the density of 
such layer. To construct a composite polypropylene foam core, such 
as foam core 130, of varying densities, the multiple density foam 
layers are fused or bonded together, similar to the fusing or 
bonding of extruded foam core 13 0 to top skin 122 and back skin 

20152 . 

Preferably, the various densities of the composite foam 
core 13 0 are arranged such that the lowest density foam layer is 
provided at the center of composite core 13 0 and the varying 
density foam layers of core 13 0 are fused together and extend 
25 outward from the center in numerical order (i.e. lowest density 
layer at center of foam core 130, highest density layer at outer 
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surface of foam core) . As seen in Figure 3, outer foam layers 132 
and 13 6 are of a higher density as compared to the density of 
middle layer 140. 

Foam core 13 0 is shown of consisting of three foam layers 
5 fused together to form a composite extruded polypropylene foam core 
130. However, it should be understood that the present invention 
is not limited to a composite foam core consisting of three layers 
and any number of layers may be utilized, as may be necessary and 
are considered within the scope of the invention. 

10 As seen in Figure 3, as the density for the foam layers 

gets higher the cells are brought closer together, i.e. compare 
extruded cells 134 of outer layer 132 and cells 138 of outer layer 
136 with cells 142 of middle layer 140. Each layer of foam core 
13 0 is preferably constructed from of an extruded polypropylene. 

15 The desired thickness for foam core 13 0 is achieved by the fusing 
of a plurality of layers necessary to reach the chosen thickness 
value . 

Figure 6 illustrates an extruded foam core 23 0 which 
consist of a single polypropylene layer having a consistent density 

20 throughout . as shown by cells 232. Though foam core 230 is shown 
only attached to top skin 122 by adhesive 128 it should be 
understood that foam core can also be attached to back skin 152 by 
a polypropylene adhesive. Furthermore, foam core 23 0 can also be 
fused or bonded to top skin 122 or back skin 152 similar to the 

25described above for foam core 130. Accordingly, though not 
preferred, a single layer extruded foam core 230 can be substituted 
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for multi- layer composite foam core 13 0 in appropriate 
circumstances . 

Preferably, in all embodiments, the densities of top skin 
122 and back skin 152 are relatively higher than the density of 
5 foam core 230. As to foam core 130, the densities of top skin 122 
and back skin 152 are relatively higher than the densities of outer 
layers 132 and 134 of foam core 130, which in turn are relatively 
higher than middle layer 140 of foam core 130. Providing higher 
density outer skins and^a low density core 30, 130 or 230, helps to 

10 reduce costs, whil^r providing desired mechanical properties, such 
as a high shear gradient between the center and outside of the 
material, /^op skin 122 and back skin 152 are constructed similar 
to top sxin 22 and back skin 3 6 discussed for the first embodiment 
of tiKe present invention. 

15 As seen in Figures 9 and 10, top skin 122 is shown 

slightly bowed as a desired shape. To have foam core 13 0 
correspond to the shape of top skin 122, slits or cuts 160 are 
provided through foam core 13 0 at selected or random intervals. 
Preferably, back skin 152 is attached to foam core 13 0, as 

20discussed above, prior to providing slits 160, in order to keep 
foam core 130 together. After slits 160 have been provided, foam 
core 13 0 and back skin 152 can be bowed to correspond to the shape 
of top skin 122. Once foam core 130 is bowed or bent to its 
desired shape it is attached to top skin 122 either by adhesives 

25128 (Figure 9) or fusing (Figure 10) , similar to the embodiments 
described above. 
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As the entire composite structure 20 or 120 is primarily 
constructed from polypropylene, the composite is one hundred (100%) 
recyclable and eliminates concerns of toxicity. Furthermore, the 
present invention provides for a novel method of constructing 
Bcomposite structure 20 or 120. The present invention is also novel 
with respect to bonding or fusing a foam core to a weatherable 
polypropylene sheet, such as top skin 22 or 122. Thus, the present 
invention overcomes previous problems of bonding or fusing a foam 
core to a polypropylene sheet . 

10 Composite structure 20 or 120 can be utilized as a 

replacement to fiberglass and other materials in many applications, 
including, but not limited to, boat hulls and decks, camper tops, 
coolers, etc. Furthermore, composite structure 20 or 120 absorbs 
a relatively higher amount of energy as compared to other materials 

15 such as fiberglass or wood. Substituting composite structure 20 or 
120 for the wood or fiberglass, allows composite structure 20 or 
120 to absorb fifty (50%) to sixty (60%) percent of the wave slap 
and impact energy, to thereby provide a relatively more comfortable 
and smooth boat ride. The use of composite structure 20 or 120 

20 also reduces the amount of maintenance necessary as compared to 
fiberglass and improves durability. Structure 20 or 120 also has 
better long term cosmetically as compared to fiberglass. In 
addition to fiberglass and wood, structure 20 or 120 can also be 
utilized as a replacement for composite structures containing 

25polyurethane or similar structures. 

Figures 11 and 12 illustrate a first embodiment of a 
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mult i- layered acrylic composite structure in accordance with the 
present invention with the composite structure being generally 
designated as reference numeral 300. Composite structure 300 
generally includes a top skin or layer 312 and an acrylic foam core 
5 316. Where necessary for extra strength purposes an inner or back 
skin 320 (Figure 12) can also be provided to help reduce fracturing 
of acrylic foam core 316. Back skin 320 can be vacuumf ormed during 
construction, however, such is not limiting. 

In the preferred embodiment top skin 312 is constructed 

10 from an all acrylic material or sheet. An additional amorphous 
material can also be added to the acrylic outer layer 312 to 
increase the impact strength of top skin 312. The acrylic outer 
layer 312 provides a relatively hard and weatherable outer surface, 
while also providing a high gloss finish and scratch resistance 

ISouter surface. Preferably, top skin 312 is constructed by 
conventional extrusion techniques with top skin 312 being in the 
form of a planar sheet. Top skin 312 and back skin 320 can be 
preferably attached to acrylic foam core 316 by conventional means 
such as an acrylic adhesive 314 and 318, respectively. 

20 In a first alternative acrylic embodiment (Figures 13 and 

14) , a multi- layered composite 340 is illustrated, having an top 
skin 342 consisting of an acrylic and ABS alloy or layer 
combination 343. Top skin 342 is attached to an acrylic foam 346 
by use of an acrylic adhesive 344. As seen in Figure 14, a back 

25 skin 350 can also be provided and is attached to an opposite 
surface of acrylic foam 346 by an acrylic adhesive 348, Back skin 



350 can be constructed from acrylic or can be an acrylic-ABS alloy 
similar to top skin 342, 

In a second alternative acrylic embodiment (Figures 15 
and 16) , a multi-layered composite 370 is illustrated, having an 
Stop skin 372 consisting of an acrylic and polyvinylchloride ("PVC") 
alloy or layer combination 373. Top skin 372 can be attached to an 
acrylic foam 376 by use of an acrylic adhesive 374. Alternatively, 
top skin 342 or 372 can be attached, again by an acrylic adhesive, 
to a foam core 380 constructed from an acrylic-PVC alloy or 
10 combination (Figure 17) . As seen in Figure 16, a back skin 384 can 
also be provided and is attached to an opposite surface of foam 346 
or 380 by an acrylic adhesive 388. Back skin 384 can be 
constructed from acrylic or can be an acrylic-PVC alloy similar to 
top skin 372. 

15 Once constructed, top skins 312, 342 and/or 372 can be 

vacuumformed or thermoformed to its intended shape, as described 
above for Figures 1-10, assuming that the planar sheet form is not 
the intended shape. 

Preferably, top skin 312, foam core 316, back skin 320 

20and adhesives 314 and 318 are all acrylic polypropylene based to 
provide a one hundred (100%) percent recyclable composite structure 
300, In all acrylic embodiments, acrylic resins can be used for 
the inner and outer layers, as well as the foam core. Furthermore, 
the densities of the outer and inner layers are preferably higher 

25 than the density of the foam core. The density of the outer layer 
can be the full or natural density of acrylic. The density of the 



foam core ranges from one pound to full or natural acrylic density. 
The foam core can be constructed from an acrylic nitrile. 

The acrylic outer sheet and inner sheet can be clear or 
opaque. The acrylic adhesive can be a methacrylated acid adhesive. 
5The foam core can be bonded to the outer sheet and/or inner sheet. 
Various conventional methods can be used to form the structure 
including cell cast, extrusion or continuous cell cast. The 
densities and thicknesses of the inner layer and the outer layer do 
not have to be the same, though such is also possible. In one 

10 embodiment , a % ,f thickness can be used for the outer and inner 
layers and a thickness for the foam core. However, it should be 
understood that these dimensions are given only by way of example 
and other dimensions can be used and are considered within the 
scope of the invention. The acrylic structure yields a very 

15durable product. The acrylic structure can be modified to be high 
impact, as well as a scratch resistance impact modified sheet. 

Figures 18 and 19 illustrate a discretely reinforced 
composite structure 400 which can be constructed from one or more 
of the above described materials (i.e. polypropylene, acrylic, PVC, 

20ABS, etc.) as well as other conventional materials and alloys. 
Structure 400 consist of a continuous outer layer 402, and a 
discretely provided foam core 404 and/or back skin 406. Thus, foam 
core 4 04 and/or back skin 406 are provided only where extra impact 
material is required. Foam core 404 and back skin 406 can be 

25 attached by adhesives 408 and 410, respectively, as well as by any 
other method discussed above. This configuration helps to reduce 
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cost and time involved in producing the intended product. 

The instant invention has been shown and described herein 
in what is considered to be the most practical and preferred 
embodiment. It is recognized, however, that departures may be made 
5 therefrom within the scope of the invention and that obvious 
modifications will occur to a person skilled in the art. 



